Taxonomic analysis of five yeast strains isolated from Hibiscus flowers in Brunei (Borneo) is described. The strains represent a dimorphic, biofilm-producing, anamorphic budding yeast species for which the name Pichia bruneiensis is proposed. P. bruneiensis alternates between yeast and pseudohyphal modes of growth. The pseudohyphae form biofilms on the surface of liquid media and penetrate into solid substrates. The sequences of the D1/D2 domains of the large subunit rRNA genes, the internal transcribed spacer (ITS) regions and the 18S rRNA genes were identical in the five strains and indicated a close phylogenetic relationship with teleomorph species of the genus Pichia. In a phylogenetic analysis of these sequences, the closest relative of the new species was Pichia fermentans (6 % nucleotide substitutions and indels in the D1/D2 domain). The type strain is 11-485
Many yeast species alternate between unicellular yeast and multicellular filamentous (mycelial or pseudomycelial) forms. It is hypothesized that the morphological transitions enable the organism to colonize both liquid and solid substrates (for example see Sipiczki et al., 1998) . In a project intended to identify novel dimorphic yeasts, we sampled various plant substrates in South East Asia and examined the yeast populations colonizing them. Among the strains from fallen leaves and decaying fruit two previously unknown species were identified (Sipiczki & Kajdacsi, 2009; Sipiczki, 2011) . This report describes another dimorphic species that was found in flowers in Borneo. Flowers visited by insects consuming pollens and nectar can get contaminated by micro-organisms carried on the bodies or living in the digestive tracts of the visiting insects (for examples see Lachance et al., 2001a, b; Sipiczki, 2010) .
To isolate flower-born yeasts, stigmas were dissected aseptically from fading flowers of Hibiscus rosa-sinensis trees collected in suburban streets of Bandar Seri Begawan (Borneo, Brunei) in 2007. The stigmas were macerated in sterile water and samples from the macerated material were streaked on YPGA (1 % yeast extract, 1 % peptone, 2 % glucose, 2 % agar, w/v). After incubation at 25 u C for 6 days, yeast colonies were isolated and purified by streaking on YPGA plates and selecting individual colonies. In 14 samples, yeasts were found that formed slightly fawncoloured colonies with an uneven, pulvinate surface (Fig.  1a) . The colonies consisted of budding yeasts (Fig. 1b) and short pseudohyphae, indicating that they were colonies of a dimorphic species. Consistent with this finding, rapidly growing, invasive, branching pseudohyphae (Fig. 1c) were observed in cultures growing in thin YPGA films sandwiched between glass slides (a modified Dalmau plate method) (Sipiczki, 2011) . The pseudohyphae grew towards non-colonized parts of the medium but stopped extending when encountering another pseudomycelium and/or the edge of the medium, after which they returned to the yeast phase, establishing small yeast colonies (Fig. 1e) . Similar environmentally controlled morphological transitions and satellite colony formation were previously described in numerous other species (Sipiczki et al., 1998; Sipiczki & Kajdacsi, 2009; Sipiczki, 2011) . These organisms produced yeast cells in liquid media and colonies on the surface of solid media as long as nutrients were available near the colonies. The transition to mycelial growth morphology was triggered by the depletion of nutrients (e.g. nitrogen) in the medium near the colony. The mycelium then grew towards the increasing concentration of the nutrient and returned to the yeast phase only when the gradient ceased to exist or was broken (Sipiczki at al., 1998) . The novel Bornean strains described here displayed dimorphism both on solid and in liquid media. When cultured in the liquid medium YPGL (YPGA without agar), their pseudohyphae were shorter and formed a continuous pellicle (Fig. 1d) on the surface of the medium and on the walls of the culturing vessel. Liquid cultures covered by thick biofilms usually contained sediments also consisting of pseudohyphae. The five strains from five different flowers collected in different streets were subjected to taxonomic characterization. The distances between the collection sites of the five isolates were calculated using the Google map (http://maps.google. com/) of Brunei were: 0-30-650-1280-3230 m.
Nuclear DNA was isolated from overnight cultures of the strains grown in YPGL broth as described previously (Sipiczki, 2003) . The isolated DNA was used for the amplification of the D1/D2 domains of the large subunit (LSU) 26S rRNA gene, the internal transcribed spacers ITS1-5.8S-ITS2 region and the small subunit (SSU) 18S rRNA gene. The primers used were NL-1 and NL-4 for the D1/D2 domains (O'Donell, 1993) , ITS1 and ITS4 for the ITS regions (White et al., 1990) and Fungi-18S-up and ITS4 for the 18S rRNA genes (Sipiczki & Kajdacsi, 2009 ). Since the latter amplicon was too long for one-step sequencing, part of the 18S sequence was also amplified using an internal primer (18S3, 59-TAACGAGGAACAATTGGA-39). The amplification primers were also used for sequencing. The five yeast strains had identical sequences within each amplified region, indicating that they were conspecific.
The MEGABLAST similarity search with these sequences identified no identical sequences in the NCBI database (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The most similar D1/D2 sequences were those of two taxonomically uncharacterized soil strains from Taiwan and a Pichia fermentans strain (strain GDB 742) isolated from industrial fuel ethanol fermentation in Brazil (Table 1) . As the latter sequence did not cover the entire D1/D2 domain, the denomination of GDB 742 as P. fermentans can be erroneous and misleading. Nevertheless, it raised the possibility that the Bornean strains might have belonged to P. fermentans. To test this possibility, their sequences were compared with the corresponding sequence of the type strain of P. fermentans (CBS 187 T 5NRRL Y-1619 T ). The BLAST comparison found 94 % sequence similarity. The other MEGABLAST matches did not exceed 94 % similarity and were mostly sequences of P. fermentans strains. The NCBI MEGABLAST search for similar ITS sequences identified four sequences of taxonomically uncharacterized strains with 99 % sequence similarity, one P. fermentans sequence with 98 % sequence similarity and many P. fermentans sequences with a maximum of 90 % sequence similarity, among them the type strain of the species (Table  1 ). The differences between the sequences of P. fermentans CBS 187
T and the Bornean strains suggest that the Bornean strains represent a hitherto undescribed dimorphic yeast In spite of the close relationship with members of the genus Pichia, none of the strains formed spores. Sporulation was tested on yeast-extract-glucose agar, malt extract agar, cornmeal agar and Gorodkowa agar (van der Walt & Yarrow, 1984) in pure and mixed cultures (incubation at 16 uC and 25 uC for 3 weeks). Apart from this difference, several additional differences were detected between strain 11-485 T and the most closely related strain, P. fermentans CBS 187 T (Table 2 ), when they were tested for taxonomically relevant physiological properties using the standard taxonomic methods described by van der Walt & Yarrow (1984) .
To determine the phylogenetic position of the Bornean strains and their relationship to the seven similar sequences deposited in databases, a phylogenetic analysis was carried out with the D1/D2 domain sequences of strain 11-485 T (GenBank accession no. JQ692181), the most similar matches from the MEGABLAST analysis (Table 1 ) and the type strains of numerous related species of the Pichia clade (Kurtzman, 2011) . For multiple alignment of sequences, the CLUSTAL W 1.7 (Thompson et al., 1994) and the MAFT version 6 (Katoh & Toh, 2008) algorithms were used. A 519 nt segment of the D1/D2 domain sequence of strain 11-485 T (GenBank accession no. JQ692181) which overlapped with all other D1/D2 domains (except that of the Pichia fermentans strain GDB 742 which is only 486 nt long) was used for alignments. After the first alignment, the overhangs of the other sequences that did not align with the shortened sequence of strain 11-485
T were removed and from the trimmed sequences a new alignment was produced for the phylogenetic analysis. The aligned sequences were analysed with neighbourjoining and DNA parsimony methods of the PHYLIP version 3.67 software package (Felsenstein, 2007) . The F84 model of nucleotide substitutions (Felsenstein & Churchill, 1996) was used for computing the distance matrix in the neighbour-joining analysis. Confidence limits for phylogenetic trees were estimated from bootstrap analysis based on 1000 replications using SEQBOOT and CONSENCE programs of the PHYLIP package). The trees were visualized with the TreeView program (Page, 1996) . The trees obtained (example in Fig. 2) showed slightly different topologies, but clearly separated strain T from the type strains of species of the genus Pichia. Strain 11-485 T and the seven most similar sequences formed a wellsupported branch. The strong statistical support (100 %) indicated that these organisms form a coherent, distinct group that may represent a distinct taxonomic unit. However, in spite of the remarkable coherence, it would be premature to claim that they are all conspecific without further examinations. Nevertheless, the Bornean strains form a compact group among them. To accommodate this group in the taxonomic system of yeasts, the species name Pichia bruneiensis sp. nov. Sipiczki is proposed. A similar analysis with the ITS and 18S sequences could not be performed because these sequences were not available for all species shown in the D1/D2 tree. Concerning the seven strains highly similar in D1/D2 sequence to strain 11-485 T , it seems quite likely that they belong to the same novel species described here but their conspecificity has to be confirmed with detailed molecular and physiological analyses. In this context, P. fermentans GDB 742 is of particular interest because it shows the highest sequence similarity and was isolated from a very different substrate (industrial fuel ethanol fermentation) in a geographically distant location (Brazil).
Description of Pichia bruneiensis Sipiczki sp. nov.
Pichia bruneiensis (bru.nei.en9sis N.L. nom. fem. adj. bruneiensis of or belonging to Brunei, where the type strain was isolated).
In the liquid medium YPGL, after 3 days of incubation at 25 u C, cells are ovoid to elongate, 1-361.5-4.5 mm, occur singly or in pairs and propagate by budding (Fig. 1b) . Sediment and thick surface pellicles (biofilm) form (Fig.  1d) . On YPGA, after 1 month at 25 u C, the colonies are butyrous, dull, soft with entire margin and pulvinate elevations (Fig. 1a) . Pseudohyphae are produced both in liquid and on solid media. In thin films of YPGA sandwiched between glass slides [a modified Dalmau plate method (Sipiczki, 2011) ] elaborate branching pseudomycelium (Fig. 1c) is formed which grows against the gradient of nutrients. Absence of the gradient stops the growth of the pseudohyphae and makes them return to the yeast phase (Fig. 1e) 
